Purpose: In the field of neuroscience nursing in Japan, the "sitting position without back support" (SB) has promoted earlier ambulation, improved level of consciousness, and prevented disuse syndrome in patients with disturbance of consciousness and impaired mobility. This research was conducted with the aim of examining if respiratory function improved using SB on acute patients on ventilation in ICU.
Background
In the field of neuroscience nursing in Japan, the nursing intervention called the "sitting position without back support" (SB) is used with patients to promote early ambulation, improve level of consciousness, and prevent disuse syndrome. This nursing intervention, created in the early 1990s, emerged from the nurses' experience in the clinical setting. It is used with patients with altered level of consciousness as well as dementia, and has been recognized as improving level of consciousness and daily activities (Kawashima, Hiramatsu, Taki, & Murota, 1991; Kamiya, Shiro, & Hayashi, 1993) . This particular sitting position has the following characteristics: stimulates the cerebral cortex, requires a posture that preserves that natural curvature of the spine, has no back support, and engages the proprioception of the soles of the feet by planting them firmly on the floor (Kawashima, Hiramatsu, & Ohyoshi, 1993) .
Even amid a shortage of nurses, SB has been used for patients with persistent disturbance of consciousness and dementia with the goal of increasing stimulation to the cerebral cortex. To more easily and safely administer this posture, an apparatus for maintaining the sitting position without back support referred to as 'the backless chair', was devised (Kawashima, et al. 1991) . Consequently the SB technique spread throughout Japan. Currently, a total of three types of backless chairs (see Figure 1) , have been commercialized through collaboration with emergency physicians and physical therapists, and further joint research was conducted to establish its effectiveness (Okubo, Nagatani, Kawabe, Kishimoto, Inoue & Shinaji 2012) .
Initially, the results of SB were mainly pre-sented as case reports, many of which involved patients with persistent disturbance of consciousness (Amemiya & Hishinuma, 2001 ) and dementia (Kawashima, et al. 1991; Nakajima, Adachi & Takeuchi, 2006) . Later, systematic studies utilizing physiological indexes were carried out to verify results presented in the case studies (Okubo & Hishinuma, 1998; Okubo et al., 2012; Okubo, Eguchi, Shinaji & Hishinuma, 2005; Okubo, Kohgo, Mizusawa & Hishinuma , 2002) . Currently, there is research reported on SB for example with acutely ill patients (Tamura, Sugano, Watanabe & Okawa) , patients with acute cerebrovascular disease (Okubo, 2012) and head trauma patients (Kishibe et al, 2011; . Patients on ventilators, and patients that have undergone a thoracotomy procedure (Abe, Okubo & Ueno, 2014 ) represent a newer group of patients that may benefit from SB related to their prolonged recovery time.
Common to all patients with prolonged bed rest are the negative effects on respiratory functioning (Knight, Nigam, & Jones, 2009) . While clinical nurses have noticed an improved respiratory function among acutely ill patients using SB, another technique that effectively improves respiratory function is prone positioning. Its efficacy has been indicated in many papers, but a systematic review of improved respiratory function due to prone positioning pointed out that, while it is effective for respiratory function, the technique is difficult to implement, requires nurses to provide the care, and can involve difficulty with decannulation and bending of the line when it becomes sandwiched between the stomach and bed Curley, 1999). Thus, it can be conjectured that compared to prone positioning, SB is easier to administer in terms of decannulation, manpower and difficulty. However, without health insurance reimbursement for SB care it will be difficult to expand its use and develop SB as a standardized nursing practice.
In the nationalized Japanese medical care remuneration system, when patients receive medical treatment covered by medical insurance the insurance pays the fees to the medical facility. Every two years, Japan reviews the medical treatments that will be covered. There are questions as to the extent to which nursing care can be included in these medical treatments and specialized nursing fields have petitioned for the inclusion of nursing care that is backed by a wealth of evidence. The Japanese Society of Nursing Art and Science recommended that this SB technique be included in the petition for care covered under the medical care remuneration system. Research is being promoted to strengthen evidence through the receipt of research grants (Social Insurance Union of Societies Related to Nursing Grants in Aid) related to the medical care remuneration system.
This study was conducted as a part of the research being carried out to accumulate evidence to determine the efficacy of SB. It examines if there was improved respiratory function in acute patients on ventilation through the administration of SB, which has previously been said to be effective in the clinical setting. The results of this research will document the impact of SB on respiratory function of acute patients and will provide data to aid in decision-making regarding the status of including SB in the revised medical care remuneration system in Japan.
Methods

Research Questions
The following research questions address the effectiveness of SB carried out with acute 
Design and sample
This was a before/after controlled trial implementing daily SB with participants and comparing respiratory function before, during, and after implementation. The researcher in collaboration with the unit staff nurses and attending physicians used purposive sampling to identify 10 patients who were on ventilators in the intensive care unit (ICU) and whose scope of permitted activity allowed them to sit upright on the bed.
Intervention
After admission to the ICU and when the patients were permitted to sit upright in bed, SB was administered at the bedside once a day using a backless chair. At least two nurses conducted an assessment of functioning particularly screening for abnormalities that included taking vital signs and an EKG. SB was administered during the period the participating patients were in the ICU. During that period, if it became possible for a patient to sit up independently then SB was determined to be unnecessary and discontinued.
Measurements and Instruments
Participants' attributes of gender, age, illness, medical history, history of smoking, and history of present illness were noted upon admission. During the study the following variables were documented: (1) period of stay in ICU, (2) number of days from admission to ICU until commencement of physical therapy, and (3) number of days from admission to ICU until commencement of SB.
The assessment of respiratory function included the following: tidal volume, lung compliance value, PaO 2 /FiO 2 contrast (contrast between oxygen partial pressure/intake oxygen concentration in arterial blood; hereafter, P/F contrast), airway pressure, percutaneous oxygen saturation level, and the existence of ventilator-associated pneumonia (VAP). Participants' physical condition other than respiratory functions were also recorded before and during the intervention: blood pressure, heart rate, respiratory rate, and body temperature.
Measurements were taken at the same time each day and before the implementation of SB and during implementation averages were taken.
In order to quickly assess the participant's level of consciousness during the intervention the Japanese Coma Scale (JCS) (Shigematsu, Nakano & Watanabe, 2013 ) was used. If the level of consciousness decreased then the nurse would stop the intervention.
Other data collected throughout the study period were the number of cannulation accidents/removals, number of incidents such as tumbling/falling over, number of times SB implementation was discontinued and reasons, estimated mortality rate (as a measure of risk), and the amount of sedatives/ catecholamine used during implementation.
There were two widely used valid and reliable instruments: Acute Physiology and Chronic Health Evaluation II (APACHE II) and the Ramsay Sedation Score (RASS). These are commonly used in ICU settings and in this study were used at admission, every three days thereafter, and at discharge from the ICU; (1) APACHE II scores range from 0-71. The higher the score meant the higher and the more severe the disease and risk of death. (2) Ramsay sedation score (RASS) rates patients on a scale of 1-6 for rousability. The higher the score the less arousal and 1-3 indicate states of wakefulness and 4-6 levels of somnolence with 6 meaning unresponsive to stimuli. It is used frequently in ICU settings to support appropriate sedation management. A research nurse trained to validly use both tools administered the two instruments. The number of cannulation accidents/ removals, number of incidents such as tumbles/falling over, and the number of times SB was implementation and discontinued was calculated from the time SB commenced. Furthermore, the amount of sedatives/ catecholamines used during implementation and RASS were noted, and the number of incidents and noted contents were analyzed in relation to SB in terms of safety.
Data Analysis
Ethical Considerations
Since this clinical research was conducted on acutely ill patients in the ICU, explanations were given to the patients' families at the time of hospitalization and intervention began after obtaining consent from the legal representatives and attending physicians. Once a patient regained consciousness, the research was explained to the patient, and the intervention was continued when consent was received.
Because the patients were in ICU, each day a doctor would judge whether the intervention posed a risk to life and implementation would be halted if it were judged that risk existed. Approval was obtained from the research ethical review board at the facility where the research was conducted (approval no. H2507-3).
Results
Participants included five men and five women with an average age of 66.8±16.4. Participant attributes are shown in Table 1 . SB was implemented for an average of 18.5±6.3min. The number of implementations averaged 8.5±7.8 times. Implementation was discontinued six times (4.8%) out of the 73 implementations conducted on 10 patients. Refer to Table 2 for the number of times implementation was discontinued for each participant.
Indexes for respiratory function assessment Tidal volume was 467.0±100.8ml before, 508.5±122.7ml during and 462.2±105.7ml after SB implementation (Figure 2 ). Tidal volume was significantly increased during implementation, compared to before and after implementation (F = 11.696, df = 2, P = 0.01). Lung compliance value was 48.7±17.9 ml/ cmH 2 O before, 53.2±29.1 ml/cmH 2 O during, and 50.2±19.5 ml/cmH 2 O after SB implementation, indicating it was significantly higher during implementation, compared to before and after implementation (F=2.872, df=2, P=0.023) (Figure 3 There were no significant differences in heart rate, respiratory rate, blood pressure, or body temperature before, during, or after SB implementation (see Table 3 ). However, heart rates and respiratory rates rose during SB implementation, and on some days blood pressure was seen to increase and decrease in both the systolic phase and diastolic phase during implementation, compared to before and after implementation. If the nurse conducting the assessment found that a participant's blood pressure rapidly rose or dropped, then the nurse using the facility's criteria for discontinuation of a patient's getting out of bed would halt the implementation. As noted earlier, implementation was halted on six occasions (4.8%). SB implementation was halted on one occasion for one of the two patients given catecholamine drug preparations. SB implementation was halted on 1-2 occasions for four of the six patients administered a combination of propofol, benzodiazepine, or other hypnotic/analgesic drugs. During implementation, one participant's RASS showed a change in wakefulness between 1-2 levels, but was still within the range of the deepest RASS (4-6). Implementation of SB was continued later since the doctor did not judge it to be an adverse event (Table 4) . One patient (#1) was assessed as having a decrease in the Japan Coma Scale (JCS) and implementation for that day was halted (see Table 2 ).
There were no accidents/removals of cannula during SB implementation or incidents such as tumbling/falling over. Both the APACHE II scores, from the time of ICU admission until discharge, and the estimated mortality rates after the SB intervention, showed a significant decrease (see Table 4 ).
Discussion
As a result of implementing SB for patients on ventilators in the ICU, the tidal volumes and lung compliance values significantly increased during implementation, compared to before and after implementation. Therefore, it is conceivable that SB is effective in improving respiratory function. It is surmised that this phenomenon occurred because the sitting position without back support lowered the diaphragm, enabling tidal volume to increase. Furthermore, even in consideration of the calculation formula for lung compliance value, it is conceivable that the lung compliance value also significantly increased due to the increase in tidal volume, since the majority of ventilator settings for the patients during SB were pressure limited. Given the circumstances in the improvement in tidal volume and lung compliance value, it is possible that SB has the effect of encouraging lung ventilation and elasticity, which are both a part of respiratory function.
In addition, regarding the safety of administering SB for acute patients on ventilators, it is believed that SB presents a low risk for the occurrence of negative incidents when compared to those said to arise from prone positioning. There were no accidental removals or incidents such as tumbling/falling over, despite the fact that the average number of cannulation times was as high as 7.6. Prone positioning is a complex advanced careprocedure and there are reports about the tendency for concurrent incidents ( Petrucci & Iacovelli, 2007; Rossetti, Machado, Valiatti & Amaral, 2006; Wong, 1999) . On the other hand, SB care is not as complicated as prone positioning and can be more simply implemented using a backless chair. For these reasons, it is conjectured that incidents could be prevented, and SB should be considered a type of care that can be safely carried out. Even viewed from the perspective of sedation, it was demonstrated that there was no particular adverse outcome due to SB. Regarding adverse events on physical condition such as cyclical fluctuation, there were six instances of discontinuing the implementation of SB out of the total 124 implementations, but the discontinuation was carried out prior to the deterioration of condition because nurses assessed the patients' physical condition, and at no time did it escalate to an adverse event. In fact, the APACHE II scores and estimated mortality rate significantly dropped with each day after admission to ICU. Based on this, it can be judged that SB can be safely administered to acutely ill patients as long as it includes the nurses assessments linked to a discontinuation policy that allows the nurses to act immediately.
Because SB must be administered with an assurance of safety that rests on the nurses' assessment of the patients' physical condition, there is a need to create a physical condition assessment guide for SB in the future. tation of SB on post-surgery patients with cerebrovascular disorder in the ICU, and the adoption of an SB care program that included an assessment guide for nurses there was no worsening of the APACHE II score, and the acquisition rate for daily activities rose (Okubo, 2012) . From this research as well, there is a strong possibility that the administration of SB for acutely ill patients, along with a nurse's assessment, is safe.
Limitations and Future Issues
The outcomes of this research may carry a bias due to the fact that the number of participants was limited to 10 patients. There is a need to greatly increase the number of participants and instituted randomized controlled trials with broadened research base outside of Japan to accumulate evidence.
In addition, changes in blood pressure and pulse were seen several times when implementing SB, leading to the discontinuation of implementation. In the future, assessment indexes for the patient's condition during implementation must be created in order to bring safe SB to many medical facilities.
Summary
SB was administered on a daily basis to 10 patients on ventilators in an ICU, and respiratory function was measured before, during, and after implementation. As a result, tidal volume and lung compliance values increased during implementation, compared to before and after implementation. Furthermore, decannulation, incidents such as falling over, or worsening of physical condition did not occur during SB implementation. However, at times slight changes in pulse and blood pressure were seen. Therefore, SB administered to acutely ill patients on ventilators effectively improves respiratory function and can be safely implemented. The task going forward is the creation of a nursing guide that provides both safe parameters for assessment of the patient's physical condition during implementation of SB and also immediate discontinuation parameters.
